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in thunderstorm clouds by changing the concentration of ice nuclei. The results show that
thunderstorm cloud develops ahead of time with the increasing of ice nuclei, and both updraft and
downdraft velocities decrease. High ice nuclei concentration is conducive to the enhancement of
heterogeneous nucleation process. A large number of ice crystals are formed in the high
temperature region, while the homogeneous nucleation process is inhibited. Therefore, the overall
content of ice crystals decreases, resulting in the decrease of graupel content in the low
temperature region, and the size of graupel decreased in high temperature area. Therefore, the
positive non-inductive electrification rate decreases and the negative non-inductive electrification
rate increases. And because the liquid water content gradually decreases with the increase of ice
nuclei concentration, the time for the polarity of charge carried by high temperature ice crystals to
change from negative to positive is advanced. In the process of inductive electrification, the
extreme value of inductive electrification rate gradually decreases due to the decrease of graupel
particle size and the rapid consumption of cloud droplets. Because the ice crystals are
preferentially generated in the high temperature region and are negatively charged, the space
charge structure of thunderstorm clouds with different ice nuclei concentrations presents a
negative dipole charge structure at the initial stage of thunderstorm cloud development. During the
growing period of thunderstorm, with the increase of ice nuclei concentration, the space charge
structure changes from three polarity to complex four order. In the dissipation stage of
thunderstorm cloud, different cases show dipole charge structure, and the charge density decreases

with the increase of ice nuclei concentration.

Keywords Ice nuclei, Charging rate, Charge structure, Numerical simulation
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YA Rk, UK BORL B 2 18 ¥ AR RS S H I AR A 2 T 2 2 L A S FLATL A
A AR AL 2 = S0 LLE AR/ T 5 mm BRSNS 0K 5
BV A I R RS L () B A M (Takahashi,1978; Jayaratne and Saunders,1983; Sau
nders et al.,1991; Pereyra et al.,2000) . 1X3R UK —F S5 H 5 2 i 72 1 H Z KA
TR BAIRL - o B 5032 B A PRk R P UK ot RSB /NI, 8 YR 8 A 1) LA 6 8% BB UK o )L
(384 KT RS, 7 24 DK RS BORI, A RERE L 5 8% e B UK s RO 3 R B A K
(Jayaratne and Saunders,1983; Mansell et al.,2005) . VK5 FORLRE T 51 6 (1) 4 72 Bt A
P B TR AK & /&  (Takahashi,1978; Jayaratne and Saunders,1983; Saunders et
al.,1991; Pereyra et al.,2000) , BT 8 F = AR &N R FAEAEZESR, IKGRT
7S B S AT REAE T B A2 5 B RS BT R AR AR SR I — AN RBE R 3 GIRL % %5,2015) . Mans
ell et al. (2005) T =R R HT T UK AR IR BEXS B 5 2= RS ORI HLGF 45 A TR B2 L, OF
PR T e R UK R R R AE BT HE T B SR R 3R . R, UK RUBE L A3 Sk
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B R A (2D BRRL (D UKL (S5 D il (] 58 7= AR ) R I RS F i
Fio SN HCRH 12 Ziegler et al. (1991) MSHM T L. RN ST EHET Gardi
ner-Pereyra J7 5 (VEWIMIESE, 2015) o N T BREI P lGIE EEK, BAHEE T N
WA, BCES LT R TENRSE (2006a, 2014) 9 4EREHLE A PERORRA . R R
KB INTT RIBEAT BARAN 2
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JEARE A PR — Rl 0 A SR UK i iz IR, %28 U7 % 3 BT Fletcher (1962)
= E SR R, Frh U BOR B SR AT 5% oSS0 E WA UKAZ A% A SR 5 K P MR B A O
(Young and Kenneth, 1974) , FULIHEESE (1987) fE Fletcher (1962) £ R E:Al bkt
7 PR A VR B2 T SRR FE B S Ko B X RS UKAZ T SEA WA, A AT T3
AR BIR S OK AL e e 2 0K it O FEHL B, A FEAMAN 5 iR BE AR B A 5%, IR IRRTRL )
WRRE « RLAR KN A B A 5 20 49388t 58 A6 SO IEUK AR %2 AL A% 71 (Phillips et al.,2008; DeMott
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MZHA TR, T 5% T DeMott (2015) W45 .
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FAHRBEFEER M 10 pm FIBORAE-35 °C I EGIR L T F7 2 BUN A e R4S, 4R
JEKZE-38 °C JGiR4 N F R, Hmk-38 °C k& N FRFEZAEE (Koop and Murray,201
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(2) RPN TT %

TRZ BB F Wb b A FBR ST DR MK, I B S5 UGS R 2 R,
WisEtE . AlEfi. 320 & PTARZE (Chen et al.,1998; Cziczo et al.,2004; Szyrmer and Zawadz
ki,1997) o MHIRHT TR HIRIEZ R VKRN EZ R AU (Fan et al.,2017) , BILASC
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Fig.1 Environment temperature and humidity stratification(a)and vertical wind profile(b)(a The black solid

line represents the environment temperature,dash line represents the dew point temperature; b The black s

olid line represents horizontal wind speed,dash line represents vertical wind speed)
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Fig.3 Spatial and temporal distribution of the maximum mixing ratio of ice crystal (units: g kg'): (a) C

case; (b) M case; (c) P case
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